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Abstract

Background: The novel distal radial artery (dRA) approach is a popular arterial access route for interventional cardiol-
ogy and neurointerventions. We explored the dRA as an alternative site to the classic forearm radial artery (RA) for
perioperative blood pressure monitoring. We hypothesized that dRA catheterization is noninferior to RA for the first
attempt success rate.

Methods: This was a single-center, prospective, randomized controlled, noninferiority study. Adult patients who
underwent elective surgery at the Jinling Hospital from May 2021 to August 2021 were enrolled. The primary end-
point was to test the noninferiority of the first attempt success rate between the groups. Secondary endpoints
included anatomical characteristics, catheterization time, arterial posterior wall puncture rate, postoperative compres-
sion time, dampened arterial pressure waveforms, and complications.

Results: Totally, 161 patients who received either dRA (n=281) or RA (n =80) catheterization were analyzed. The first
attempt success rates were 87.7 and 91.3% in the dRA and RA groups, respectively, with a mean difference of — 3.6%
(95% Cl, — 13.1 10 5.9%). The dRA diameter and cross-sectional area were significantly smaller than those of the RA
(P<0.001). The subcutaneous depth of dRA was significantly greater than that of the RA (P<0.001). The dRA had a
longer catheterization time (P=0.008) but a shorter postoperative compression time (P <0.001). The arterial posterior
wall puncture rate of dRA was significantly higher than that of the RA (P=0.006). The dRA had fewer dampened arte-
rial waveforms than RA (P=0.030) perioperatively.

Conclusions: The dRA is a rational alternative approach to RA for perioperative arterial pressure monitoring and
provides a noninferior first attempt success rate.

Trial registration: This study is registered in the Chinese Clinical Trials Registry (registration number: ChiCTR2100
043714, registration date: 27/02/2021).
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The forearm radial artery (RA) is a recommended site
to perform catheterization due to its superficial loca-
tion, collateral blood supply with the ulnar artery, and
limited complications [2, 3]. It is also used in a variety
of medical procedures, such as flap transplantation
[4], hemodialysis arteriovenous fistula creation [5] and
bypass grafting [6]. However, the arterial waveforms are
often troubled by wrist flexion [7]. When taking arterial
blood pressure reading, wrist flexion often causes arti-
fact waveforms; hence, a different puncture approach is
required in some cases.

The distal radial artery (dRA) was first described by
Amato et al. [8] in 1977. It is the distal part of the radial
artery located at the anatomical snuffbox, which is a
triangular depression region consisting of extensor pol-
licis longus, extensor pollicis brevis, and extensor reti-
naculum. The scaphoid and trapezium bones form the
floor of this region [9]. In recent years, dRA has been
popularly catheterized for cardiac and neurosurgical
interventions [10—12]. However, there are limited data
regarding dRA catheterization for invasive blood pres-
sure monitoring.

Therefore, we performed a trial to explore dRA at the
anatomical snuffbox as a replacement for RA in the field
of hemodynamic monitoring. Considering the result of
pretest, we hypothesized that dRA provides a noninfe-
rior first attempt success rate in arterial catheterization,
within bounds of the preset noninferiority margin of
—15%.

Methods

This single center, prospective, randomized controlled,
noninferiority study received approval from the Eth-
ics Committee of Jinling Hospital (approval number:
2021NZKY-013-02). Patient recruitment was conducted
after registration in the Chinese Clinical Trials Registry
(registration number: ChiCTR2100043714, registration
date: 27/02/2021). The protocol of the study was per-
formed in accordance with the Declaration of Helsinki.

Study participants

Patients scheduled for elective surgery in our hospi-
tal between May 2021 and August 2021 were enrolled.
Each patient signed informed consent. Eligibility cri-
teria included American Society of Anesthesiologists
(ASA) Physical Status I to III patients aged 18 to 80years.
Exclusion criteria were the presence of impalpable
artery, communication disorder, puncture site infection,
peripheral vascular disease, blood coagulation disorder,
negative modified Allen test or body mass index (BMI)
>30kg-m~2,
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Randomization

Study participants were randomly allocated to the
dRA or RA group (1:1 ratio) using computer-generated
sequences (Excel, Microsoft, USA). An independent
investigator (K. H.) placed randomization sequences into
numbered sealed envelopes, which were opened in the
presence of the participants after obtaining written con-
sent. This study was an open-label design.

Study treatments

After admission to the operating room, all patients were
applied to routine monitoring, which included electro-
cardiograph (ECG), heart rate (HR), and oxygen satura-
tion (SpO,). Patients were placed supine, awake, and
the puncture side arms were extended on padded arm
boards (dRA group, forearm pronated with the anatomic
snuffbox facing upward [10]; RA group, forearm supi-
nated with wrist dorsiflexion up to 30° [13]). We used an
ultrasound unit (Wisonic, China) with a 4-15MHz linear
probe. The image depth was set at 25mm, and the gain
settings were adjusted optimally. The contralateral arm
was used for patients with previous catheterization of
one radial artery.

Anatomic landmarks were used to identify the arterial
locations: the anatomical snuffbox and styloid process
of the radius for dRA and RA, respectively. To reduce
observer bias, we performed each measurement thrice by
three independent investigators (J. X., M. X., and J. Z.) on
either short or long axis view. The average value was used
for statistical analysis.

We palpated the strongest pulsation site around the
anatomic landmark, and positioned the ultrasound probe
on it. The arterial image in the short-axis plane was cap-
tured and saved. Afterwards, the probe was rotated anti-
clockwise by 90°, and the arterial image in the long-axis
plane was saved. To minimize measuring errors, we
adjusted probe strength so as not to compress the artery.

In the short-axis plane, the cross-sectional area was
obtained from a dotted adjustable ellipse along the vas-
cular wall on the ultrasound image. The size of the area
was calculated automatically. In the long-axis plane, the
diameter and depth were measured. The diameter was
considered as the distance between the anterior and pos-
terior points of the artery wall. The subcutaneous depth
was determined by the distance from the skin surface to
the arterial anterior wall (Fig. 1).

After data collection, arterial catheterization was
performed by an anesthesiologist (J. X.) who was expe-
rienced in both puncture sites with real-time ultra-
sound-guided procedure. The area around the anatomic
landmark was prepared and covered with a piece of ster-
ile drape, and 0.5mL of 2.0% lidocaine was administered
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Fig. 1 Ultrasound measurements and ultrasound-guided arterial catheterization. a, b, ¢, distal radial artery (dRA); d, e, f, forearm radial artery (RA).
The red lines, circles, arrowheads indicate the diameter, depth, cross-sectional area of the arteries and the catheter needles, respectively

around the puncture site. Using the long-axis in-plane
ultrasound guidance, a 22-gauge catheter (B.Braun, Ger-
many) was carefully inserted. The regions located at ana-
tomical snuffbox and the proximal 1-2cm of the styloid
process were used as the puncture sites on dRA and RA,
respectively. All catheters were connected to pressure
transducers (B.Braun, Germany) flushed with heparin-
ized saline. Pressure waveforms displayed on the patient
monitors (Mindray, China) were evaluated frequently
intraoperatively. The catheters were removed after the
surgery. Then the puncture sites were covered by a piece
of sterile gauze and rolled up 3-5 turns elastic bandages
(3M, Germany) with moderate pressure for hemostasis
(Fig. 2). The primary compression time was based on the
minimum time in pretest, which was 135s in dRA group
and 400s in RA group. Success of hemostasis was defined
as absence of bleeding after release of bandage. If bleed-
ing persisted, compression was continued for an addi-
tional time. The site was the rechecked until no bleeding
occurred. The total time was recorded as the postopera-
tive compression time. The hemostasis produce was per-
formed by an independent investigator (J. Z.), and the
additional compression time was determined by clinical
experience.

Study endpoints

The primary endpoint was to demonstrate whether dRA
was noninferior to RA in the first attempt success rate of
arterial catheterization. The first attempt was defined as

the first needle passing through a new puncture site, and
successful catheterization was defined as obtaining an
undamped arterial waveform on the monitor screen. The
secondary endpoints included the diameter, depth and
cross-sectional area of vessels; artery catheterization time
(the time from routine disinfection to arterial waveform
confirmation on the patient monitor); arterial posterior
wall puncture rate; and postoperative compression time.
Dampened arterial pressure waveforms during operation
and complications (vascular, neurologic and infectious
complications [14]) that occurred from the operation day
to postoperative day 2 were also recorded. If catheteriza-
tion was not successful within 3 min, the procedure was
suspended. Rescue process was performed by a senior
anesthesiologist.

Statistical analysis

Categorical variables are displayed as frequencies and
percentages. Normally distributed continuous variables
are presented as mean =+ SD, while non-normal distrib-
uted continuous variables are expressed as median with
interquartile range. The Kolmogorov—Smirnov test was
used to assess the normality of data. For primary end-
point, we used a two-sided 95% CI to test the noninfe-
riority hypothesis. Noninferiority would be declared if
the lower boundary of a 95% CI was larger than —15%.
For secondary endpoints, categorical variables were ana-
lyzed by the chi-square test or the Fisher’s exact test, and
continuous variables by the independent ¢ test or the
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Fig. 2 Arterial catheterization and postoperative hemostasis. a, ¢, distal radial artery (dRA); b, d, forearm radial artery (RA). The puncture sites
located at anatomical snuffbox and the proximal 1-2cm of the styloid process on dRA and RA, respectively

Mann-Whitney U test. Correlations were calculated by
the Pearson correlation coefficient. All statistical analyses
were conducted by the SPSS 25.0 (IBM, USA) for Win-
dows. P<0.05 was considered as statistically significant.

According to statistical views, noninferiority margin
should not exceed a fifth of the control rate when com-
paring two sample rates. In our pilot study, the initial
success rate in the conventional RA approach was 90%;
hence, we selected 15% as the margin after considering
both statistical advice and clinically acceptable range.
Utilizing this noninferiority margin with a significance
level of 0.05 and power of 0.9, we computed a minimum
sample size of 138 participants using PASS 15.0 (NCSS,
USA). To allow a 10% dropout rate, 154 participants were
needed.

Results

We enrolled 172 patients in this study. Eight patients
dropped out for the following reasons: discovery of
exclusion criterion (n =4); patient’s withdrawal from par-
ticipation (7 =2); and case canceled (n=2). Hence, 164
patients were randomized into the dRA and RA groups.
All catheterizations were completed within 3min. One
patient in the dRA group and two in the RA group were
lost to follow-up due to early discharge on postopera-
tive day 1. In total, 161 patients were selected in the final
analysis (Fig. 3). The demographic characteristics of

patients between the dRA group (n=81) and RA group
(n=280) were comparable (Table 1).

The first attempt success rates were 87.7 and 91.3% in
the dRA and RA groups, respectively, with a mean differ-
ence of —3.6% (95% CI, —13.1 to 5.9%). Since the non-
inferiority margin was defined as —15%, the dRA group
proved a noninferior first attempt success rate to the RA
group (Fig. 4).

Table 2 shows the specific ultrasound measurement
results. The dRA diameter and cross-sectional area were
both significantly smaller than those of the RA (P<0.001).
Meanwhile, the subcutaneous depth of the dRA was sig-
nificantly deeper than that of the RA (P<0.001). The cor-
relation indexes between the diameter and body weight
in the dRA and RA groups were significantly positive
(r values were 0.465 and 0.401, respectively; P<0.001).
However, the correlation between the diameter of the
dRA and RA was relatively poor (r=0.053, P=0.641).

Procedural data are summarized in Table 3. The cath-
eterization was performed from the left arm in 106
patients, without differences between both groups
(P=0.824). The time to catheterization was statistically
longer in the dRA group (P=0.008). Nevertheless the
postoperative compression time was significantly shorter
in the dRA group than in the RA group (P<0.001). The
arterial posterior wall puncture rate of the dRA was
significantly higher than that of the RA (21% vs 6.3%,
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Fig. 3 Study flowchart

Radial artery group
(n=82)

A

Lost to follow-up (n=2)

v
Analysis (n=80)

P=0.006). The dRA had fewer intraoperative damp-
ened arterial waveforms than RA (P=0.030). The com-
plications did not differ between the two groups until
postoperative day 2 (P=0.497). There was one patient
who presented with a 2 x 1cm? local hematoma in the
dRA group after catheter removal. In the RA group, one
patient had puncture site discoloration and one patient
had vasospasm. No neurological complications or punc-
ture site infections were found in either group.

Discussion

Forearm radial arterial catheterization is the classic
access for invasive hemodynamic monitoring. Com-
mon alternative approaches include the femoral artery,
brachial artery, ulnar artery, and dorsalis pedis artery.
However, all approaches have their own limitations. The
femoral artery has disadvantages of difficultly of com-
pression and major complications [14, 15]. The brachial
artery lacks collateral flow, thereby making it an ill fit
to be the site of an indwelling arterial cannula [16]. The
ulnar arterial puncture has a deeper location, leading to

risk of ulnar nerve injury [17]. The dorsalis pedis artery,
which is always chosen in the lower extremity, has an
obvious blood pressure gradient in comparison with the
radial artery [18]. Thus, dRA has attracted our attention.

DRA crosses relatively superficially at the anatomi-
cal snuffbox and receives collateral circulation from the
superficial palmar branch and the ulnar artery [9]. The
dRA access is considered to maintain the integrity of the
forearm radial artery and conserve it for future interven-
tions [19].

Our study first reported a comparison of dRA and
RA catheterization for invasive blood pressure moni-
toring. The major finding in the current study was that
dRA offered a noninferior initial success rate to RA
in the general population. Kaledin et al. reported that
12.5% of dRA catheterizations required more than one
attempt [20]. Arora et al. showed that the rate of first-
pass radial artery was 85.7% via the in-plane technique
in awake patients [21]. In the present study, the ini-
tial success rates of dRA and RA were 87.7 and 91.3%,
respectively. Furthermore, both groups had 100% final
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Table 1 Baseline characteristics
dRA group(n=281) RA group(n=280) P value
Age, years 52£16 51£13 0.669
Male sex (%) 51(63.0) 42(52.5) 0.197
Weight, kg 664+99 67.0+£124 0.687
Height, cm 1664+£69 1669+7.1 0.884
BMI, kg/m2 239+31 239+£35 0.891
Smoking status
Never smoked, n (%) 65(80.2) 60(75.0) 0.591
Current smoker, n (%) 12(14.8) 13(16.2)
Previous smoker, n (%) 4(4.9) 7(8.8)
Comorbidities
Coronary artery disease, n (%) 3(3.7) 1(1.3) 0.620
Hypertension, n (%) 14(17.3) 17(20.0) 0.523
Diabetes mellitus, n (%) 8(9.9) 4(5.0) 0.239
Arrhythmia, n (%) 101.2) 2(2.5) 0.620
Cerebrovascular disease, n (%) 1(1.2) 0(0.0) 1.000
CKD, n (%) 0(0.0) 1(1.3) 0497
Medications
Antihypertensive drugs, n (%) 15(18.5) 17(21.2) 0.664
Hypoglycemic drugs, n (%) 8(9.9) 3(3.7) 0.123
Anticoagulant or antiplatelet, n (%) 3(3.7) 2(2.5) 1.000
Others, n (%) 6(7.4) 3(3.7) 0.495
Previous artery access, n (%) 9(11.1) 11(13.8) 0.612
ASA Physical Status Class
I, n (%) 8(9.9) 5(6.3) 0.781
Il, n (%) 72(88.9) 74(92.5)
1, n (%) 101.2) 1(1.3)
Operation position
Supine, n (%) 41(50.6) 44(55.0) 0.090
Lateral, n (%) 17(21.0) 25(31.3)
Prone, n (%) 9(11.1) 6(7.5)
Lithotomy, n (%) 14(17.3) 5(6.3)
Operation time, min 120(81) 115(83) 0.999

BMI body mass index, ASA American Society of Anesthesiologists, CKD chronic kidney disease. Data are displayed as the mean =+ SD, frequency and percentage,

median (interquartile range)

success rates within 3 min. This is consistent with the
results of previous meta-analyses [22, 23].

Measuring the anatomical characteristics of the vas-
cular area by ultrasound is an effective, economic, and
optimal method [24]. Anatomically, the dRA is slightly
smaller and deeper than the RA, and catheteriza-
tion can be challenging. Although a learning curve is
needed, ultrasonic guidance may help us overcome
this weakness and facilitate the puncture of small ves-
sels. Despite a time-consuming catheterization, the
compression time of dRA is remarkably shorter, which
is possibly because of the smaller size and easier com-
pression [25]. More recent studies have supported
these results [26, 27].

Another important finding in this trial was that the
dRA had fewer arterial pressure waveform abnormali-
ties than RA after changing the position. Nearly half of
operation position was not supine in this study. Espe-
cially in the prone position, the pronated palm faces the
arm board, and minor changes in wrist angle can damp
the arterial waveform in RA. However, in dRA, the arte-
rial waveform is less affected by malposition because
it is firmly supported by the scaphoid and trapezium
bones, and an inserted catheter will stand at a stable
position [7, 28].

In some complex radial cases, patients with elbow joint
diseases, contractures, trauma or any congenital abnor-
malities, who keep the arm supinated for a long time,
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Mean difference in the first attempt success rate

part of the black line indicates noninferiority

Inferio Non-inferior
Non-inferiority
margin _
Mean difference -3.6% (95%CI -13.1, 5.9)
-15 -10 -5 0 5

Fig. 4 Mean difference in first attempt success rate. Cl, confidence interval. Black vertical continuous line indicates noninferiority margin. The right

Table 2 Ultrasound examination results

dRA group(n=81) RA group(n=80) P value

Diameter, mm 21+£04 26+£04 <0.001
Depth, mm 25+05 18+04 <0.001
Cross-sectional area, 39+1.0 56+16 <0.001

mm 2

The measuring point of the dRA was at the anatomical snuffbox; RA in the
proximal 1-2 cm of the styloid process of the radius. Data are displayed as the
mean £ SD

Table 3 Procedural data

may experience discomfort [26]. However, dRA access
may provide a more comfortable position for a pronated
arm.

Furthermore, considering the vessel compensation sys-
tem of the hand, dRA catheterization could have a lower
risk of ischemia than RA. In fact, the dRA approach also
has other complications, including hematoma and nerve
injury [23]. A higher occurrence of complications is often
related to multiple punctures [29]. The complications
between the two study groups in our trial did not signifi-
cantly differ probably because of our high success rate on
the first try. To prove this, larger samples and multicenter
experiences are needed.

dRA group(n=281) RA group(n=280) P value

Left hand, n (%) 54(66.7) 52(65) 0.824
First attempt success rate, n (%) 71(87.7) 73(91.3) 0.458
Arterial catheterization time, s 86(26) 74(25) 0.008
Postoperative compression time, s 199+ 44 486+ 56 <0.001
Arterial posterior wall puncture, n (%) 17(21.0) 5(6.3) 0.006
Dampened arterial waveforms, n(%) 8(9.9) 18(22.5) 0.030
Complications

Discoloration, n (%) 0(0) 1(1.3) 0497

Vasospasm, n (%) 0(0) 1(1.3)

Hematoma, n (%) 1(1.2) 0(0)

Data are displayed as the mean =+ SD, frequency and percentage, median (interquartile range)



Xiong et al. BMC Anesthesiology (2022) 22:67

This study had some limitations. First, our results were
obtained from one single center, and it should be taken
into consideration when trying to promote these find-
ings to other clinical institutions. Second, the puncturing
investigator and patients were not blinded to the per-
formance, which could potentially lead to observer vari-
ability. Third, only one investigator completed all arterial
catheterizations, and this could lead to difficulty of gener-
alizing the results. However, our puncturing investigator
had anesthetic experience of >5years and had performed
arterial catheterization in more than 100 cases with
ultrasound guidance [10, 30]. This level of experience is
common in the majority of anesthesiologists worldwide.

Conclusions

In conclusion, the distal radial artery can be a rational
choice for perioperative arterial blood pressure monitor-
ing. However, further evaluation is needed to evaluate
its potential to replace the forearm radial artery as the
default approach.

Abbreviations

dRA: Distal radial artery; RA: Radial artery; ASA: American Society of Anesthesi-
ologists; BMI: Body mass index; ECG: Electrocardiograph; HR: Heart rate; SpO,:
Oxygen saturation.

Acknowledgements
The authors would like to thank all participants in this research.

Authors’ contributions

Jingwei Xiong collected, analyzed, and wrote this manuscript. Kangli Hui,
Miaomiao Xu, Jiejie Zhou and Jie Zhang assisted in the conduct of study. Man-
lin Duan was the principal investigator and supervised the study. All authors
read and approved the final manuscript.

Funding
Not application.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

This single center, prospective, randomized controlled, noninferiority study
received approval from the Ethics Committee of Jinling Hospital (approval
number: 2021NZKY-013-02). The protocol of the study was performed in
accordance with the Declaration of Helsinki. The quality control of this study
was conducted by GCP guidelines. Written informed consent was obtained
from all patients before enrollment.

Consent for publication
Not application.

Competing interests
The authors declare no competing interest related to the subject matter or
materials discussed in this article.

Author details
'Department of Anesthesiology, Jinling Hospital, Jinling School of Clinical
Medicine, Nanjing Medical University, Nanjing, Jiangsu 210002, People’s

Page 8 of 9

Republic of China. ?Department of Anesthesiology, Affiliated Jinling Hospital,
Medical School of Nanjing University, Nanjing, Jiangsu 210002, People’s
Republic of China.

Received: 29 September 2021 Accepted: 4 March 2022
Published online: 09 March 2022

References

1. Roach JK, Thiele RH. Perioperative blood pressure monitoring. Best Pract
Res Clin Anaesthesiol. 2019;33:127-38. https://doi.org/10.1016/j.bpa.
2019.05.00.

2. Kim EH, Lee JH, Song IK, Kim JT, Lee WJ, Kim HS. Posterior tibial artery as
an alternative to the radial artery for arterial cannulation site in small chil-
dren: a randomized controlled study. Anesthesiology. 2017;127:423-31.
https://doi.org/10.1097/ALN.0000000000001774.

3. Schumann R, Meidert AS, Bonney |, Koutentis K, Wesselink W, Kouz K, et al.
Intraoperative blood pressure monitoring in obese patients. Anesthesiol-
ogy. 2021;134:179-88. https://doi.org/10.1097/ALN.0000000000003636.

4. Alasmari WA. The morphometric anatomy and clinical importance of
the radial artery [published online ahead of print, 2020 Nov 26]. Folia
Morphol (Warsz). 2020. https://doi.org/10.5603/FM.a2020.0139.

5. HeY, Northrup H, Roy-Chaudhury P, Cheung AK, Berceli SA, Shiu YT.
Analyses of hemodialysis arteriovenous fistula geometric configuration
and its associations with maturation and reintervention. J Vasc Surg.
2021;73:1778-86.e1. https://doi.org/10.1016/},jvs.2020.09.033.

6. Ua-Anusorn K, Tocharoenchok T, Subtaweesin T. Using bilateral radial
arteries in coronary artery bypass grafting is safe. Asian Cardiovasc Thorac
Ann. 2020;28:470-5. https://doi.org/10.1177/0218492320944748.

7. TanakaR ST, Kiuchi C, Sasao J. Distal radial artery cannulation in the
anatomical snuffbox is useful for arterial blood pressure monitoring in
neurosurgery: a case report. JA Clin Rep. 2020:6:58. https://doi.org/10.
1186/540981-020-00365-0.

8. Amato JJ, Solod E, Cleveland RJ. A "second" radial artery for monitoring
the perioperative pediatric cardiac patient. J Pediatr Surg. 1977;12:715-7.
https://doi.org/10.1016/0022-3468(77)90399-2.

9. Yoshimachi F, Ikari Y. Distal radial approach: a review on achieving a high
success rate. Cardiovasc Interv Ther. 2021,;36:30-8. https://doi.org/10.
1007/512928-020-00729-4.

10. YuW, Hu P, Wang S, Yao L, Wang H, Dou L, et al. Distal radial artery access
in the anatomical snuffbox for coronary angiography and intervention: a
single center experience. Medicine (Baltimore). 2020,99:18330. https://
doi.org/10.1097/MD.0000000000018330.

11. VefaliV, Saricam E. The comparison of traditional radial access and novel
distal radial access for cardiac catheterization. Cardiovasc Revasc Med.
2020;21:496-500. https://doi.org/10.1016/j.carrev.2019.07.001.

12. Kuhn AL, Singh J, de Macedo RK, Massari F, Moholkar V, Maewah S, et al.
Distal radial artery (snuffbox) access for intracranial aneurysm treatment
using the woven EndoBridge (WEB) device. J Clin Neurosci. 2020;81:310-
5. https://doi.org/10.1016/j.,jocn.2020.10.006.

13. Lee D, Kim JY, Kim HS, Lee KC, Lee SJ, Kwak HJ. Ultrasound evaluation
of the radial artery for arterial catheterization in healthy anesthetized
patients. J Clin Monit Comput. 2016;30:215-9. https://doi.org/10.1007/
$10877-015-9704-9.

14. Gleich SJ, Wong AV, Handlogten KS, Thum DE, Nemergut ME. Major short-
term complications of arterial cannulation for monitoring in children.
Anesthesiology. 2021;134:26-34. https://doi.org/10.1097/ALN.00000
00000003594.

15. Bhatia K, Guest W, Lee H, Klostranec J, Kortman H, Orru E, et al. Radial
vs. femoral artery access for procedural success in diagnostic cerebral
angiography: A randomized clinical trial [published online ahead of
print, 2020 Dec 29]. Clin Neuroradiol. 2020. https://doi.org/10.1007/
500062-020-00984-1.

16. Handlogten KS, Wilson GA, Clifford L, Nuttall GA, Kor DJ. Brachial artery
catheterization: an assessment of use patterns and associated complica-
tions. Anesth Analg. 2014;118:288-95. https://doi.org/10.1213/ANE.00000
00000000082.

17. Karacalar S, Ture H, Baris S, Karakaya D, Sarihasan B. Ulnar artery versus
radial artery approach for arterial cannulation: a prospective, comparative


https://doi.org/10.1016/j.bpa.2019.05.00
https://doi.org/10.1016/j.bpa.2019.05.00
https://doi.org/10.1097/ALN.0000000000001774
https://doi.org/10.1097/ALN.0000000000003636
https://doi.org/10.5603/FM.a2020.0139
https://doi.org/10.1016/j.jvs.2020.09.033
https://doi.org/10.1177/0218492320944748
https://doi.org/10.1186/s40981-020-00365-0
https://doi.org/10.1186/s40981-020-00365-0
https://doi.org/10.1016/0022-3468(77)90399-2
https://doi.org/10.1007/s12928-020-00729-4
https://doi.org/10.1007/s12928-020-00729-4
https://doi.org/10.1097/MD.0000000000018330
https://doi.org/10.1097/MD.0000000000018330
https://doi.org/10.1016/j.carrev.2019.07.001
https://doi.org/10.1016/j.jocn.2020.10.006
https://doi.org/10.1007/s10877-015-9704-9
https://doi.org/10.1007/s10877-015-9704-9
https://doi.org/10.1097/ALN.0000000000003594
https://doi.org/10.1097/ALN.0000000000003594
https://doi.org/10.1007/s00062-020-00984-1
https://doi.org/10.1007/s00062-020-00984-1
https://doi.org/10.1213/ANE.0000000000000082
https://doi.org/10.1213/ANE.0000000000000082

Xiong et al. BMC Anesthesiology

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2022) 22:67

study. J Clin Anesth. 2007;19:209-13. https://doi.org/10.1016/j,jclinane.
2006.10.012.

Chen'Y, CuiJ, Sun JJ,Wang E, Zhu Y, Li Y, et al. Gradient between dorsalis
pedis and radial arterial blood pressures during sevoflurane anaesthesia:
a self-control study in patients undergoing neurosurgery. Eur J Anaesthe-
siol. 2016;33:110-7. https://doi.org/10.1097/EJA.0000000000000295.

Mori S, Hirano K, Yamawaki M, Kobayashi N, Sakamoto Y, Tsutsumi M, et al.
A comparative analysis between ultrasound-guided and conventional
distal transradial access for coronary angiography and intervention. J
Interv Cardiol. 2020;7342732. https://doi.org/10.1155/2020/7342732.
Kaledin A, Kochanov |, Podmetin P, Seletsky S, Ardeev V. Distal radial artery
in endovascular interventions. 2017. https://doi.org/10.13140/RG.2.2.
13406.33600.

Arora NR, Maddali MM, Al-Sheheimi RAR, Al-Mughairi H, Panchatcharam
SM. Ultrasound-guided out-of-plane versus in-plane radial artery can-
nulation in adult cardiac surgical patients. J Cardiothorac Vasc Anesth.
2021;35:84-8. https://doi.org/10.1053/jjvca.2020.08.025.

Hamandi M, Saad M, Hasan R, Megaly M, Abbot JD, Dib C, et al. Distal ver-
sus conventional transradial artery access for coronary angiography and
intervention: a meta-analysis. Cardiovasc Revasc Med. 2020;21:1209-13.
https://doi.org/10.1016/j.carrev.2020.03.020.

Coomes EA, Haghbayan H, Cheema AN. Distal transradial access for
cardiac catheterization: a systematic scoping review. Catheter Cardiovasc
Interv. 2020;96:1381-9. https.//doi.org/10.1002/ccd.28623.

Nakayama Y, Nakajima Y, Sessler DI, Ishii S, Shibasaki M, Ogawa S, et al.

A novel method for ultrasound-guided radial arterial catheterization in
pediatric patients. Anesth Analg. 2014;118:1019-26. https://doi.org/10.
1213/ANE.0000000000000164.

Coughlan JJ, Zebrauskaite A, Arnous S, Kiernan TJ. Left distal trans-radial
access facilitates earlier discharge post-coronary angiography. J Interv
Cardiol. 2018;31:964-8. https://doi.org/10.1111/joic.12559.

Hadjivassiliou A, Cardarelli-Leite L, Jalal S, Chung J, Liu D, Ho S, et al.

Left distal transradial access (IdTRA): a comparative assessment of
conventional and distal radial artery size. Cardiovasc Intervent Radiol.
2020;43:850-7. https://doi.org/10.1007/500270-020-02485-7.
Hadjivassiliou A, Kiemeneij F, Nathan S, Klass D. Ultrasound-guided access
to the distal radial artery at the anatomical snuffbox for catheter-based
vascular interventions: a technical guide. Eurolntervention. 2021;16:1342—
8. https://doi.org/10.4244/E1J-D-19-00555.

Choi S, Park JM, Nam SH, Kim EJ. Cannulation of the dorsal radial

artery: an underused, yet useful, technique. Korean J Anesthesiol.
2014,67(Suppl):S11-2. https://doi.org/10.4097/kjae.2014.67.5511.
Zochios VA, Wilkinson J, Dasgupta K. The role of ultrasound as an adjunct
to arterial catheterization in critically il surgical and intensive care unit
patients. J Vasc Access. 2014;15:1-4. https://doi.org/10.5301/jva.500019.
LinY, Sun X, Chen R, Liu H, Pang X, Chen J, et al. Feasibility and safety

of the distal transradial artery for coronary diagnostic or interventional
catheterization. J Interv Cardiol. 2020,2020:4794838. https://doi.org/10.
1155/2020/4794838.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jclinane.2006.10.012
https://doi.org/10.1016/j.jclinane.2006.10.012
https://doi.org/10.1097/EJA.0000000000000295
https://doi.org/10.1155/2020/7342732
https://doi.org/10.13140/RG.2.2.13406.33600
https://doi.org/10.13140/RG.2.2.13406.33600
https://doi.org/10.1053/j.jvca.2020.08.025
https://doi.org/10.1016/j.carrev.2020.03.020
https://doi.org/10.1002/ccd.28623
https://doi.org/10.1213/ANE.0000000000000164
https://doi.org/10.1213/ANE.0000000000000164
https://doi.org/10.1111/joic.12559
https://doi.org/10.1007/s00270-020-02485-7
https://doi.org/10.4244/EIJ-D-19-00555
https://doi.org/10.4097/kjae.2014.67.S.S11
https://doi.org/10.5301/jva.500019
https://doi.org/10.1155/2020/4794838
https://doi.org/10.1155/2020/4794838

	Distal radial artery as an alternative approach to forearm radial artery for perioperative blood pressure monitoring: a randomized, controlled, noninferiority trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study participants
	Randomization
	Study treatments
	Study endpoints
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


